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This study carried out at the ICRISAT research station of Sadoré in Niger aimed at determining the 
impact of placed application technique of Jatropha oilcake on millet agronomic parameters. The experimntal 
design was a randomised blocs including five treatmnts and four replicates. Control was plots without 
fertilizer while J_100 g,  J_200 g, and J_300 g were plots receiving 100 g , 200 g and 300 g of Jatropha oilc ke 
respectively per seed hole and the plots NPK_6 g were receiving 6 g of NPK (15, 15, 15) per seed hole. 
ANOVA test was used for data analyses. Only the Control had significantly low number of tillers. At the end 
of the vegetative period J_300 g has the highest plants. J_300 g induced 196% increase of grain yield compared 
to the Control. The substitution of NPK (15,15,15) by 100 g, 200 g and 300 g of Jatropha oilcake per sed hole 
induced 79 - 52.93%, 92 – 72.23% and 152 – 100.65% increase of grain yield  respectively compared to the 
Control in 2009 and 2010. With regard to the grain yield in 2009 and 2010, 100 g of Jatropha cake per se d 
hole can replace the current 6 g (NPK) per seed hole.  
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Fertilizers use is one of the most 
constraining factors of millet production in 
Niger and thus a major cause of low millet 
yield. Inorganic or organic fertilizers have 
been used in research stations in Niger at the 
dose of 100 kg of NPK (15, 15, 15), and 5 
tons of organic manure per hectare to increase 
millet yield, but the recommended doses of 
fertilizers are often not affordable for 
subsistence farmers due to high quantity of the 
recommended doses and/or the physical 
availability of the fertilizer. Indeed, the 
majority of millet producers in Niger are 
resource poor farmers unable to buy mineral 
fertilizers, and crop residues for organic 
manure production is often used for animal 
feeding in extensive cattle breeding system or 
as firewood. 
To address the constrain of fertilizer 
use and increase the productivity of millet in 
subsistence farming, various investigations 
have been conducted to develop effective 
techniques in order to increase fertilizer use 
efficiency, and reduce investment costs to 
resource poor farmers (Bationo et al., 1991a, 
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b; Buerkert and Hiernaux, 1998). The 
fertilizer placement technique was therefore 
developed. It consists in applying small doses 
of fertilizer in the hill of the target grain crop 
at planting rather than broadcasting it all over 
the field. The amount applied is typically 60 
to 80% of the recommended rates for 
maximum yield (Muehlig-versen et al., 2003; 
Tabo et al., 2004; Tabo et al. 2005; Tabo et al., 
2008). 
The fertilizer placement technique was 
successfully implemented across Africa with 
located application of P fertilizer in Malawi 
and in southern Nigeria on maize (Brown, 
1966; Fox and Kang, 1978); in Western Niger 
on millet with NPK (15, 15, 15) as fertilizer 
(Bationo et al., 1992; Davis et al., 1994; 
Muehlig-versen et al., 2003). In Burkina Faso, 
Ghana, and Niger, the application of 6 g NPK 
(15, 15, 15)/seed hole on millet or maize led 
to 45 to 120% of yield increase and farm 
income increase of 50 to 130% compared to 
the broadcasting application of fertilizer  all 
over the field (Tabo et al., 2008). All these 
success stories of fertilizer placement 
technique were implemented with mineral 
fertilizers but, very few investigations have 
been done on the potential of organic manure 
like compost and by-products. The choice of 
Jatropha oilcake as organic fertilizer is due to 
the fact that many countries have recently 
adopted new policies which call for an 
increase in bio fuel production (Jenkins, 2009; 
Eisentraut, 2010). Jatropha curcas seeds oil 
offers one of the best biodiesel without 
compromising food production in Sub-
Saharan Africa since the oil is not edible and 
the tree can be associated with annual crops.  
Furthermore, seedcake generated from oil 
production is usable as organic manure. 
Several authors have reported its high 
nutrients content and positive impact on cereal 
yields (Heller, 1993; Gubitz et al., 1999).  
The study reported herein aims to 
determine the impact of Jatropha oilcake on 
millet agronomic parameters: growth rate, 
grains, and biomass production and the 
efficient dose application of Jatropha oilcake 
on millet crop. 
 
 
MATERIALS AND METHODS 
Site conditions 
The experiment was conducted during 
the rainy seasons (June–October) of 2009 and 
2010 at the research station of the 
International Crops Research for Semi Arid 
Tropics in Sadoré (13°15´W, 2°18´E 
coordinates; 240 m altitude) in Niger. Soil in 
the site was sandy in texture and classified as 
Luvic Arenosol or a Psammentic Paleustalf 
(West et al., 1984). 
Sadoré has a Sahelian climate. April 
and May are the hottest months with 
maximum temperatures varying between 37 
and 43 oC, while the coldest period goes from 
December to January (18 – 27 oC). The mean 
annual rainfall for the past 10 years was 550 
mm. A major part of the rain is received 
during May–September with August as the 
pick. The monthly distribution and total 
rainfall in 2009 and 2010 are summarized in 
Table 1. 
 
On farm operations: 
Pearl millet (Var. H.K.P) was used as 
vegetal material. Seedbed preparation 
consisted in superficial tillage (<10 cm depth) 
using a traditional tool “hiller”. The seedling 
density was 10,000 plants/hectare. Different 
doses of Jatropha oilcake and NPK (15, 15, 
15) were applied during seedling operation 
according to the placed application technique 
as documented (Tabo et al.,  2004; Tabo et al., 
2005); they took place in July 8th, 2009 and 
June 4th, 2010 after rainfalls of 45 mm and 26 
mm respectively.  
 
Experimental design 
The experimental design included five 
(5) treatments ranged in completely 
randomized blocks with four (4) replicates. 
Each elementary plot had 104 m2 (13 m * 8 
m). The treatments included: Control 
corresponding to no fertilizer; NPK (15,15,15) 
_6 g  and J_100 g, J_200 g , and J_300 g 
corresponding to Jatropha oilcake application 
at the dose of 100 g, 200 g and 300 g 
respectively per seed hole. The NPK 
contained in the Jatropha oilcake was: N 2.82 
g.kg1; P 0.77 g.kg-1 and K 1.82 g.kg-1.   
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Impact on soil basic parameters (N, P, K, 
CEC, pH, organic carbon) 
Impact of the treatments on soil basic 
parameters were determined in composite soil 
samples collected at the depths of 0 – 5 cm; 5 
– 10 cm and 10 – 40 cm before and after 
conducting the trials according to (Bremner 
and Mulvaney, 1982; Olsen and Sommers, 
1982; Knudsen and Paterson., 1982; Rhoades, 
1982; McLean, 1982; Nelson and Sommers, 
1982). 
 
Impact on millet agronomic parameters 
From the 6th week after seedling 
(WAS) to fructification state, the agronomic 
parameters (millet high and the number of 
tillers) were measured every week. For this 
purpose, plants from 8 seed holes per plot 
were randomly selected and labelled among 
the 24 plants of 3 central seeding lines of each 
elementary plot. Plant height was measured 
from the button to the bud using tape ruler and 
the number of tillers counted manually. The 
growth rate was calculated using the formula 
[1]. Biomass and grain yield were determined 
on dry materials after harvest.  
 [1]. ∆h (%) = [(h(n+1) – hn)*100/hn]; n = order 
of week.  
 
Determination of the effective dose of 
Jatropha oilcake 
The determination of the optimum dose 







= ; YJ = Grain 
yield the plots amended with different dose of 
Jatropha oilcake; Ycontrol = Grain yield on the 
control; Dα = Dose of Jatropha oilcake. 
 
Statistical analysis 
Statistical analysis of data was carried 
out using standard analysis of variance 
(Gomez and Gomez, 1984). The significance 
of the treatment effect was determined using 
the ANOVA test and to determine the 
significance of the difference between the 
means of the two treatments, least significant 
differences (lsd) were estimated at the 5% 
probability level (Ghosh et al., 2004). The 
Student-Newman-Keuls test was used for 
multiple comparison and sorting the means of 
biomass production and grain yield.  
 
RESULTS 
Impact of treatments on soil parameters  
Soil organic carbon (SOC), pH and 
nutrients balance before and after NPK and 
Jatropha oilcake treatments are summarized in 
Table 2. The basic soil parameters before any 
treatment show low fertility status of the 
investigated soil. As shown, by pH and 
nutrients balance after two years of 
investigation, any of the treatments did not 
affect significantly the soil basic parameters 
(Table 2). However, accumulation in total N 
content of soil and positive variation of pH 
indifferently to treatments were recorded.  
 
Impact of treatments on millet agronomic 
parameters 
Millet agronomic parameters were 
evaluated using the growth rate; numbers of 
tillers and ears; biomass and grain yield 
production. 
Millet growth rate affected by treatments 
Figures 1a and 1b summarize millet 
growth rate according to the vegetative 
periods in 2009 and 2010 respectively. 
In 2009, only treatment with NPK_6 g 
had significantly high millet growth rate 
compared to the other treatments 6th to 7th 
weeks after seedling (WAS). 
Data recorded in 2009 showed 
significant increase of mean millet height over 
the vegetative period [p (Date) < .001]. Indeed, 
the global growth trend was above (l.s.d =15.8 
cm) indifferently to the treatments (Figure 1a). 
Beside the general trend, the growth rate on 
plots receiving fertilizer was higher than the 
one of the Control plots. Between 9th WAS 
and 10th WAS, the growth rate in the NPK_6 
g plots decreased steadily and became 
significantly lower than the one of the Control 
plots due to the fast fructification of millet in 
the NPK_6 g plots. Field observation on the 
fructification rate showed that at 8th WAS, 
33% of the plants in the NPK_6 g had ears 
while the others were at the fructification 
stage.  
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In 2010, data collection started earlier, 
the same trend was observed but, after the 
stage of maximum growth; the decrease came 
one week later (9th WAS). The plots fertilized 
with Jatropha oilcake had lower growth rate 
than the ones of NPK from the 6th WAS to the 
8th WAS (Figure1b). Comparing J_100 g,  
J_200 g and J_300 g, the increasing rate of 
application of Jatropha (100 g to 300 g per 
seed hole) did not lead to significant 
difference in the growth rate (Figure 1a and b) 
in 2009. In 2010, growth rate in J_100 g was 
significantly low compared to J_200 g and 
J_300 g whereas the same trend was observed 
as in 2009 for the growth rate in J_200 g and 
J_300 g.   
Number of tillers and ears 
In 2009 and 2010, the number of tillers 
with ears in the Control plots remained 
significantly low compared to the other 
treatments. J_300 g had the highest number of 
tillers followed by J_200 g. The number of 
tillers in J_100 g did not vary significantly 
from the ones of NPK_6 g (Figure 2). 
Biomass production and grain yield 
Table 3 showed the mean biomass and 
grain produced in the different treatments in 
2009 and 2010; the global trend showed 
higher biomass and grain production in the 
fertilized plots compared to the plots with no 
fertilizer. 
In 2009, only the placed application of 
NPK (15,15,15) resulted in significant 
variation of the mean biomass production. 
Even if the placed application of Jatropha 
cake had positive effects on biomass 
production, the variations recorded in the plots 
J_200 g, J_100 g, and J_300 g were not 
significant compared to the control plots.  
However, biomass production was positively 
affected by Jatropha cake application in 2010 
(p = 0.004). Indeed, the plots receiving 
Jatropha oilcake had significantly high 
biomass production compared to the control 
plots (Table 3). Comparison between plots 
receiving different doses of Jatropha cake 
showed that J_300 g has the significantly 
highest biomass production while no 
significant variations were noticed between 
J_200 g and J_100 g. 
Grain yields were significantly affected 
by the application of Jatropha cake in 2009 
and 2010 (p < 0.001 and p = 0.012) 
respectively. 
In 2009, variation of grain yield ranged 
from 1275.42 kg/ha in (J_200 g) to 1790.83 
kg/ha in (J_300 g). There is not significant 
difference with the variation of the dose of 
Jatropha oilcake. J_300 g had significantly 
high grain yield compared to J_100 g and 
J_200 g (Table 3).  
In 2010, no significant variation in 
biomass production was recorded between the 
Control plots and NPK_6 g even if NPK_6 g 
seamed to have higher biomass production. 
The plots receiving Jatropha oilcake as 
fertilizer had significantly the highest biomass 
compared to the Control plots and the ones 
fertilized with NPK (15,15,15). There was no 
significant difference between J_200 g and 
J_100 g but, biomass production in J_300 g 
was significantly higher than the one of J_200 
g and J_100 g (Table 3).  
Concerning grain yield, the fertilisation 
resulted in significant variation of the grain 
yield. NPK_6 g had the lowest grain yield 
among the fertilized plots followed by J_100 g. 
The placed application of 200 g and 300 g of 
Jatropha cake resulted into significant increase 
of grain yield when compared to the 
treatments NPK_6 g and J_100 g.  However, 
there was no difference between J_200 g and 
J_300 g even if the biomass produced in 
J_300 g seamed to be higher.  
 
Responses of millet biomass production and 
grain yield to the application of various 
doses of Jatropha oilcake 
Table 4 shows that the efficiency of 
Jatropha oilcake decreased significantly with 
the increasing rate of the application p = 0.006 
and p <0.001 when considering the grain and 
biomass yield respectively in 2009. The same 
trend was observed in 2010 for grain yield (p 
= 0.001) while biomass production did not 
vary significantly with the three different 
doses of Jatropha oilcake (p = 0.056). 
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Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
2009 0.0 0.0 0.0 2.7 19.3 60.4 142.0 202.2 67.2 21.8 0.0 0.0 515.6 




Table 2: Impact of treatments on soil parameters. 
 
SOC and nutrients balance after treatments 









Control NPK_6 g J_100 g J_200 g J_300 g p 
C. Org (%) 0.15± 0.01 0.00±  0.00 -0.02± 0.01 -0.02±  0.04 0.00 ±  0.01 0.01±  0.02 0.55 
pH-H2O (1:2.5) 5.02± 0.1 0.33±  0.14 0.38 ±  0.15 0.48± 0.02 0.51 ±  0.13 0.5±  0.09 - 
Total N (mg-N/Kg) 13.5± 9.45 15.06± 4.72 6.11±  5.28 5.53±  40.76 5.13 ±  34.25 22.87± 20.01 0.29 
Total-P(mgP/Kg) 77.3± 4.98 -30.98±  2.62 -59.02± 4.89 -49.49±  4.18 -51.37±  17.77 -47.62±  
15.21 
0.18 
Total-K(mgP/Kg) 426.21± 18.98 -35.75± 5.67 -35.81±  26.88 -24.13±  20.56 -1.01±  21.85 -59.82±  
22.43 
0.53 
Bray P1(mgP/Kg) 5.79± 1.9 0.06±  0.23 -1.78±  1.39 -2.60 -2.56 ±  1.88 -5.18± 6.50 - 
S (cmol+/Kg) 1.837± 0.02 -0.10 ±  0.04 -0.07±  0.00 -0.03±  0.03 0.06 ± 0.03 -0.08±  0.04 - 
CEC Ag (cmol+/Kg) 0.79± 0.14 0.03±  0.14 0.05±  0.11 0.09 ±  0.18 -0.25 ±  0.16 -0.11±  0.13 - 









Mean Biomass (Kg/ha) Mean Grain yield 
Treatments 
Biomass (kg/ha) Grain (kg/ha) 
Control 8489.58a ±  3901.62 710.06a  ±  50.88 Control 9049.56a±  1817.19 1227.98a±  83.26 
NPK_6 g 18542.67b ±  2322.89 1978.46c ± 295.25 NPK_6 g 10627.71a±  2800.48 1594.10ab± 160.75 
J_100 g 12677.08a ±  1756.40 1365.50b ± 332.04 J_100 g 16083.88ab±  5772.49 1878.25ab±  620.86 
J_200 g  10125.00a ± 2191.63 1275.42b ± 148.33 J_200 g 19672.96ab±  7908.19  2115.25b ±  373.49 




Table 4: Millet response to the variation of the application rate of Jatropha oilcake. 
 
2009 2010 
Treatments Grain Biomass Treatments Grain Biomass 
J_300 g 5.969a 28.3a J_300 g 8.21a 87.2a 
J_200 g 6.377a 92.71b J_200 g 9.39a 98.4aa 
J_100 g 13.655b 132.08c J_100 g 21.15b 160.8b 


















Control NPK_6g J_100g J_200g J_300g l.sd
 
 






















Control NPK_6g J_100g J_200g J_300g l.s.d
 
Figure 1b: Mean growth rate of Millet (cm) over the vegetative period in 2010. 
 






































Application of manure or NPK 
(15,15,15) fertilizer in nutrients depleted soils 
is essential for  good expression of millet 
agronomic parameters. Jatropha oilcake does 
have potential as good organic manure for 
replacing chemical fertilizer since it has high 
nitrogen content (Staubmann et al., 1997; 
Gubitz et al., 1999; Kumar and Sharma, 2008). 
In the study reported herein, high growth rate, 
high number of tillers and ears recorded in the 
fertilized plots might be due to steadily release 
of major nutrients; nitrogen, phosphorus and 
potassium from Jatropha oilcake in J_100 g, 
J_200 g, and J_300 g or from NPK (15, 15, 
15) in NPK_6 g over the vegetative growth. 
Tabo et al. (2004), Tabo et al. (2008) have 
reported efficient expression of millet 
agronomic parameters with the application of 
6 g of NPK (15, 15, 15) per seedling hole. 
Millet agronomic performances (growth rate, 
number of tillers and number of ears) in plots 
amended with Jatropha oilcake were over the 
Control because of nutrients realised to the 
plants through the mineralisation of the 
Jatropha oilcake. In fact, analyses carried out 
on Jatropha oilcake used in the experiment 
showed that its content in major nutrients was:  
2.82g.kg-1; 0.77g.kg-1 and 1.82g.kg-1   for N, P 
and K respectively. Furthermore, despite the 
application of various doses of Jatropha 
oilcake, there was no significant accumulation 
of organic matter in the investigated soil after 
two consecutive production seasons (p = 0.55). 
Also, the balance of the sol major nutrients, P 
and K were negative (Table 2) while 
irrelevant accumulation was observed for N (p 
= 0.29). Negative nutrients balance in soil 
under three groups of farmers rank according 
to fertility management was also reported by 
Assefa et al. (2007). The study portrayed that 
the severity of soil nutrients (N, P and K) 
depletion increased from lower to higher 
application of fertilizer.  
The low growth rate, biomass 
production and grain yield in the control is 
due to the fertility status of the experimental 
field. Although the trial was set in seven years 
fallow, soil basic parameters reported in Table 
2 before setting the trial showed low fertility 
status (FAO, 1977; BUNASOLS, 1990). 
Earlier land survey has also reported native 
poverty and low nutrients storage capacity of 
the investigated soil (West et al., 1984). Low 
crops productivity of Sub Saharan sandy soils 
in general and in Sadoré as a consequence of 
nutrients deficiency have been also reported in 
previous investigations (Bonzi et al. 2008; 
Issaka et al 2008 ; Kihara et al., 2009 ; Bado 
et al., 2010). 
In 2009, Jatropha oilcake was placed in 
direct contact with millet seeds in the seedling 
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holes and it resulted in germination failure 
with direct impact on millet growth rate and 
stems vigour (Figure 1a). This could explain 
the lower growth rate of millet in Jatropha 
oilcake treatments relative to NPK treatment. 
In 2010, the trends were reversed (Figure 1b) 
because Jatropha oilcake was not placed in 
direct contact with millet seeds in the seedling 
hole. Earlier investigations carried out by 
Moreira (1970) showed that phytotoxicity 
reduces germination, when high rates up to 5 
t/ha of Jatropha oilcake were applied as 
fertilizer. Even though the dose of the 
Jatropha oilcake was under 5t/ha in our 
experiment, Jatropha oilcake was concentrated 
on the seeds in conformity with the placed 
application technique that could justify 
germination failure with direct consequences 
on biomass production. 
Fast fructification of millet is important 
in sub Saharan conditions because of the 
erratic rainfall. In plots amended with 
Jatropha oilcake, the fructification of millet 
came a week later in 2009 and 2010 in 
comparison to the plots receiving NPK 
fertilizer. That is probably due to the kinetic 
of nutrients released from the oilcake to the 
soil solution. In fact, before being released for 
millet uptake, nutrients contained in Jatropha 
oilcake have to pass through the 
mineralization process while in NPK 
(15,15,15) they are already under mineral 
form. Previous studies have also reported the 
kinetic of mineralization of organic manure as 
limitation factor for nutrients availability in 
amended soils (Thomas and Asakawa, 1993; 
Esse et al., 2001; Fatondji et al., 2009). In this 
study, the late ending of millet vegetative 
phase in plots fertilized with Jatropha oilcake 
had positive effects on millet dry matter 
production (Table 3) in 2010.  Indeed, 
biomass production and grain yield were 
higher in plots receiving 100 – 300 g of 
Jatropha oilcake than the plots with NPK.  
In 2009 biomass and grain yield in 
Jatropha oilcake treatments were lower than 
plots with NPK treatments because of the 
phytotoxicity effect outlined above. 
Concerning the Control plots, in addition to 
the late accomplishment of the vegetative 
cycle, biomass production and grain yield 
were significantly low in 2009 and 2010 and 
this is due to the poor fertility status of soil 
(Table 2). The overall data trend of biomass 
production and grain yield in 2009 and 2010 
showed that millet response to fertilizer (NPK 
or Jatropha oilcake) was low in 2009. This 
may be due to the length of the vegetation 
period which lasted for  87 days and the 
quantity of rainfall (515.6 mm) while in 2010, 
total rainfall was 687.3 mm and harvest came 
128 days after seedling.  
Biomass production and crop yield 
showed large variations among replications of 
experimental treatments (Table 3). These 
results are in agreement with (Ludger et al., 
1994; Manu et al., 1996; Brouwer and Bouma, 
1997) and it may be caused by differences in 
nutrient and/or moisture availability, as well 
as their interactions (Rockström et al., 1999). 
The ratio indicating Jatropha oilcake 
efficiency decreased with the increase of the 
application rate of Jatropha oilcake (Table 4). 
Therefore nutrients contained in 100 g of 
Jatropha oilcake/ seedling hole seems to be 
sufficient for efficient expression of millet 
agronomic parameters. Over 100 g of Jatropha 
oilcake/seedling hole, the increase in dry 
matter production per unit weigh of Jatropha 
oilcake present less efficient in term of 
proportionality. The most economical dose for 
Jatropha oilcake amendment using the placed 
application technique is 100 g of Jatropha 
oilcake per seedling hole. Compared to NPK 
(15,15,15), Jatropha oilcake offers more 
economical opportunities to resource poor 
farmers because it is an unusable by-product 
which can be utilized  as alternative fertilizer. 
 
Conclusion 
Millet agronomic parameters (growth 
rate, number of tillers and number of ears) 
were positively affected by Jatropha oilcake 
fertilizer in 2010. However, grain yield and 
biomass production in plots fertilized with 
NPK (15,15,15) were higher than those  
fertilized with Jatropha oilcake in 2009. 
Continuous application of Jatropha oilcake 
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fertilizer in 2009 and 2010 showed better 
results when compared to the NPK. The 
increase of the of application rate of Jatropha 
oilcake from 100 g to 300 g/seed hole  
improved biomass production and grain yield 
but, at the current step of our investigation, 
100 g of Jatropha oilcake per seed hole can be 
recommended as substitute of 6 g of NPK (15, 
15, 15) per seedling hole in millet (HKP) 
production. With regard to the germination 
failure experienced in 2009, Jatropha oilcake 
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